Levels of luteinizing hormone (LH), prolactin, progesterone, cortisol, estrone and estradiol-17~ were determined during the postpartum anestrous period in samples collected from six second-calf, crossbred, suckled beef cows. Blood samples were collected at 6-h intervals beginning 2 wk before expected parturition and continuing until 10 d after first postpartum estrus. Samples were also collected at 15-rain intervals for 4 h once weekly. The postpartum interval was 48 + 19 d (mean + SE). Serum progesterone levels fell from a mean of 2.1 +-1.2 ng/ml 2 d prepartum to basal levels of .1 + .1 ng/mt 6 d postpartum and remained at this level until just before estrus. An elevation (1.3 + .1 ng/ml) in serum levels of progesterone beginning 4.6 + .1 d and ending .6 + .1 d before estrus was observed in four cows. Mean levels of estradiol-17/3 in serum were 113 +-54 pg/ml at parturition and declined rapidly to 7 -+ 3 pg/ml 6 d postpartum. Estradiol-17/3 concentrations remained at these levels until they ini Research supported in part by CSRS Grant #WS-999 "Reproductive Endocrinology of the Postpartum, Suckled Beef Female" (T.G.D.). The research is a contribution to regional research project W-112 "Repro- creased to 10 -+ 3 pg/ml just before first estrus. Mean levels of LH were .7, 1.1, .4 and .3 ng/ml for wk 1 to 2, 3 to 4, 5 to 6 and 7 to 8 before estrus, respectively, with wk 1 to 2 and 3 to 4 being higher (P<.05) than wk 5 to 6 and 7 to 8. The frequency of LH peaks in serum tended to be greater (P<.I) during the second week preceding estrus than it was at any other time during the postpartum period. Serum levels of prolactin were characterized by excessive variation (CV = 103.5%) between cows. Mean prolactin levels, calculated over 2-wk periods, were 26.4, 28.4 and 24.6 ng/ml for wk 1 to 2, 3 to 4, and 5 to 6 before estrus, respectively. Time before estrus did not affect prolactin levels. A critical step in regulation of the length of the postpartum interval appears to be the onset of episodes of LII secretion 4 to 8 wk before estrus. Mean levels of LH and frequency of LH peaks were greatest 2 wk preceding estrus; therefore, it is possible that the increase in LH at this time acts as a priming step to initiate the occurrence of the pre-estrous progesterone peak. (Key Words: Postpartum Interval, Beef Cows, Luteinizing Hormone, Estradiol-17/3, Prolactin, Progesterone.)
I ntroduction
Mean postpartum intervals for suckled beef cows range between 46 and 168 d (see review by Dunn and Kahenbach, 1980; Randel, 1981) . Pituitary content of luteinizing hormone (LH) of suckled cows increased (Saiduddin and Foote, 1964; Graves et al., 1968; Wagner et al., 1969) during the first 30 d of the postpartum period, while circulating levels fluctuated little during the first 18 d of the postpartum period Rawlings et al., 1980; Williams and Ray, 1980; Riley et al., 1981) . 445 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 2, 1983 As the onset of estrus approached, episodic secretion of LH became more apparent (Rawlings et al., 1980; Williams and 'Ray, 1980; Riley et al., 1981) . Serum concentrations of estrogen decreased to basal levels following parturition and then increased just before the first postpartum estrus (Arije et al., 1974; Corah et al., 1974; Rawlings et al., 1980; Ray, 1980. Chang et al., 1981) . Serum levels of progesterone were low to undetectable during the early part of the postpartum period, with increases occurring 4 to 5 d before the first postpartum estrus (Rawlings et al., 1980 ; for earlier research, see review by Wettemann, 1980) . Serum prolactin levels varied between 43 and 470 ng/ml during the first 21 d postpartum, with mean levels fluctuating around 150 ng/ml from 30 d postpartum until near estrus (Arije et al., 1974) . Levels of adrenal corticosteroids varied between 27 and 46 ng/ml during the postpartum period (Arije et al., 1974) , which is similar to the pattern of corticoid secretion reported by Adams and Wagner (1970) . However, basal levels of cortisol in serum of suckled cows averaged 6.4 ng/ml over d 14 to 56 postpartum in a more recent study (Dunlap et al., 1981b) .
The present study was conducted to characterize more completely the patterns of ovarian steroids, cortisol, LH and prolactin in serum during postpartum anestrus in suckled beef cows. In particular, we wanted to determine relationships between secretion patterns of the various hormones and the onset of the first postpartum estrus so that this information could be used to devise methods of controlling the onset of the first postpartum estrus. A preliminary report of this experiment was presented earlier (Humphrey et al., 1976) .
Materials and Methods
Six second-calf, crossbred (Jersey x Hereford and Angus x Hereford) cows were fed 80% of NRC (1970) recommended energy intake for 100 d before calving and 100% of recommended energy intake following calving. Recommended protein intakes were provided 7 Longdwell; Beckton, Dickinson and Co., Rutherford, NJ. both before and after calving. Animals were fed individually once a day. All animals were weighed weekly before calving, within 12 h after calving and biweekly from calving until first postpartum estrus. Body condition was monitored by monthly ultrasonic measurement of backfat thickness (Scanogram).
In order to minimize the effects of stress while collecting blood, the cows were rained to stand at individual feeding stations during collection periods. All animals were fitted with a 16-gauge • 15-cm indwelling teflon cannula 7 in the jugular vein 1 d before beginning blood collections.
Blood samples (10 ml) were collected at 6-h intervals (0600, 1200, 1800, 2400 h) beginning 2 wk before predicted parturition and continuing until 10 d after detection of the first postpartum estrus. In addition, samples were collected at 15-rain intervals for 4 h each Saturday between 0800 and 1200 h. Blood samples were kept at room temperature for 6 h and then centrifuged at 4 C. Serum was decanted and stored at -20 C until analyzed for hormones.
Concentrations of LH (Niswender et al., 1969) and prolactin (Gonzalez-Padilla et al., 1975) were quantified in all samples. Progesterone (Niswender, 1973) concentrations were determined in the samples collected at noon each day. Concentrations of LH, prolactin and progesterone were determined in Dr. G. D. Niswender's laboratory in the Department of Physiology and Biophysics, Colorado State University, Fort Collins. The estrogens and cortisol were analyzed in a daily pool of serum made of equal aliquants of serum from each of the four 6-h samples. Estradiol-17/3 concentrations were determined by the radioimmunoassay as described by Korenman et al. (1974) and as modified by Moseley et al. (1979) . Estrone concentrations were determined as described by Forrest et al. (1981) . Cortisol was quantified using the radioimmunoassay procedure described by Hasler et al. (1976) .
Data on LH and prolactin levels in samples collected at 6-h intervals were pooled over 2-wk periods. The data pools consisted of values from samples collected 1 to 2, 3 to 4, 5 to 6 and 7 to 8 wk before estrus. The incidence of episodic secretion for each 2-wk period was evaluated using the procedure outlined by Christian et al. (1976) . Briefly, this procedure involves sorting hormone values into two groups: "outliers" and "inliers". The group of "inliers" form a normally distributed population, while "outliers" cause the distribution to become skewed. "Outliers" were considered to be from episodes of hormone secretion whereas "inliers" constituted the hormone baseline. The mean and standard deviation of the "inliers" was calculated and is referred to as "baseline mean" and "baseline standard deviation". A similar procedure was followed for samples collected at 15-rain intervals once weekly. Frequency of peaks was determined by counting the number of peaks one standard deviation above the baseline mean. Differences in mean levels, frequency of peaks and magnitude of peaks were determined using a completely randomized analysis of variance with time postpartum as the single source of variation (Steel and Torrie, 1960) .
Results and Discussion
The mean postpartum interval for the six cows in this study was 48 + 19 d. These cows lost an average of 21.4 kg during the prepartum feeding period and lost 55 kg at parturition for a net prepartum weight loss of 76 kg. They gaiaed an average of 1 kg from parturition to first estrus. Reduced energy intake, which causes a prepartum weight loss, increases the interval from parturition to first estrus (Dunn et al., 1969; Bellows and Short, 1978; Dunn and Kaltenbach, 1980) . In this study, however, reduced prepartum energy intake did not appear to extend the mean postpartum interval when compared with intervals previously reported for beef cows (Warnick, 1955; Perkins and Kidder, 1963) . Backfat thickness for the six cows was 8 -+ 3 mm at the beginning of the experiment, 5 -+ 3 mm at parturition and 4 -+ 2 mm just before first postpartum estrus. Apparently, cows that are in good body condition can lose some weight without affecting the length of the postpartum interval. This is in agreement with previous reports (Corah et al., 1974; Dunn and Kaltenbach, 1980 in prepubertal beef heifers. When the data for LH were pooled for 2-wk periods preceding first estrus, the mean concentrations of LH were .7 (1 to 2 wk), 1.1 (3 to 4 wk), .4 (5 to 6 wk) and .3 (7 to 8 wk) ng/ml. Serum concentrations of LH during the 4 wk before estrus were higher (P<.05) than those observed 5 to 8 wk before estrus. Although the levels of LH tended to decrease, there was no difference in the mean concentrations of this hormone observed between the second and first week before first postpartum estrus. Concentrations of LH in the samples collected at 15-min intervals once a week followed a similar pattern. Mean values obtained during wk 1 to 2, 3 to 4 and 5 to 6 before estrus were 2.3, 1.0 and .4 ng/ml, respectively, with the level being highest (P<.01) 1 to 2 wk before estrus.
The number of peaks in serum levels of LH (defined as values exceeding one standard deviation above the baseline mean) was greater (P<. 1) during the second week preceding estrus than at any other time in the samples collected at 6-h intervals (figure 3). Although the patterns were similar, the difference in the number of LH peaks between 1 and 2 wk before estrus was not so apparent in the samples collected at 15-rain intervals once weekly (figure 3). In samples collected at 6-h intervals, the mean magnitude of the greatest increase above the baseline mean in serum levels of LH was 6.3, 3.5, 4.3, 5.1, 3.2 and 1.2 ng/ml for wk 1, 2, 3, 4, 5 and 6 before estrus, respectively. Because of considerable between animal variation, these values did not differ (P>.I) over time. WEEKS PRIOR TO ESTRUS Figure 3 . The average number of peaks in serum levels of LH in samples collected at 6-h intervals compared with those collected once weekly at 15-min intervals over a 4-h period.
Luteinizing hormone levels increased before the onset of first estrus in cows in this study; a finding that is in agreement with the results of several earlier studies in both suckled and milked cows (Rawlings et al., 1980 ; for review see Wettemann, 1980; Chang et al., 1981) . The increased mean values for LH in our experiment appeared to be the result of an increased frequency and magnitude of LH peaks during episodes of LH secretion, which is similar to recent findings of others Rawlings et al., 1980; Williams and Ray, 1980; Peters et al., 1981) . Indeed, reestablishment of episodic LH secretion seems to be a prerequisite for occurrence of the first postpartum estrus and(or) ovulation (Riley et al., 1981; Waiters et al., 1982c) .
Prolactin. Mean serum concentrations of prolactin calculated for 2-wk periods were 21.7, 28.4 and 24.6 ng/ml for wk 1 to 2, 3 to 4 and 5 to 6 before estrus, respectively. These values were not affected by time postpartum.
The prolactin levels in this study showed an excessive amount of variation (CV = 103.5%) between cows (figures 1 and 2). Although stress has been shown to cause prolactin release, it is doubtful that stress was a factor in this experiment because these animals had been conditioned to sampling procedures and displayed little evidence of stress while blood samples were being collected. Further, in sequential samples collected at 15-rain intervals once a week, there was no obvious stress-induced release of prolactin. Variations in prolactin concentrations may be due to suckling because the calves had the opportunity to suckle at will.
In general, serum concentrations of prolactin tended to decrease as first postpartum estrus was approached. This finding was particularly apparent in four cows and agrees with patterns described in postpartum dairy heifers (Ingalls et al., 1973) . Although prolactin patterns were similar in this group of four cows, there was considerable variation in the length of postpartum intervals. Cows 2171 and 2174 had the longest postpartum intervals of the six cows studied, even though prolactin appeared to have declined by d 40 postpartum relative to levels early in the postpartum period. In contrast to the four cows that had declining levels of prolact~n, cows 2162 and 2168 had the highest mean serum concentrations of prolactin, the greatest number of prolactin peaks and peaks with the greatest magnitude just before estrus. Cow 2162 had a postpartum interval of 39 d. Cow 2168 displayed signs of estrus at 20 d postpartum, but not standing estrus (see explanation under Progesterone). The short intervals in these two cows were associated with high prolactin levels. Our results confirm earlier suggestions Gimenez et al., 1980; Williams and Ray, 1980) that the postpartum interval is not extended by suckling-induced release of prolactin.
Progesterone. Serum levels of progesterone in the six cows studied fell from a mean of 2.1 + 1.2 ng/ml at 2 d prepartum to basal levels of .1 + .1 ng/ml 6 d postpartum and remained at this level until just before estrus. Serum progesterone from parturition until an average of 4.6 d before first estrus fluctuated between undetectable levels and .5 ng/ml in the six cows studied, with the exception of one transient increase (.8 ng/ml) observed in cow 2154, 27 d postpartum. Representative patterns are shown in figures 1 and 2. A progesterone peak with mean level of 1.3 + .1 ng/ml was observed in four of the six cows between 4.6 and .6 d before the first postpartum estrus (table 1) . Several other investigators have reported similar findings (Rawlings et al., 1980 ; see review by Wettemann, 1980) . One cow (2168) had a considerable discharge of vaginal mucus and displayed estrual activity at 20 d postpartum, although she did not show standing estrus. Judging from the LH values on d 20 and the progesterone levels subsequent to d 20, she apparently ovulated. The preovulatory progesterone peak for cow 2168 that preceded the anestrous ovulation was only .4 ng/ml compared with an average value of 1.3 ng/ml for the other four cows.
The source of progesterone that causes this peak is not known. Elucidation of the source of this progesterone peak may provide insight into the reinitiation of cyclic activity in the postpartum cow. It has been suggested that this progesterone peak is associated with follicular development and luteinization of small follicles (Donaldson et al., 1970; Corah et ai., 1974) . A similar increase in progesterone was observed before first estrus in prepubertal heifers (Gonzalez-Padilla et al., 1975; Berardinelli et al., 1979) . in the latter study, they concluded that the source of progesterone before first estrus was from nonpalpable luteal tissue embedded in the ovary. On the other hand, Castenson et al. (1976) reported that the rise in progesterone and 20~-hydroxypreg-4-en-3-one that precedes first estrus is frequently due to ovulation (without estrus) and subsequent formation of a corpus luteum, an observation that has been confirmed in our laboratory (M. DeSilva, W. J. Murdoch, C. C. Kaltenbach and T. G. Dunn, unpublished data) .
Estradiol-1713. Mean serum estradiol-17/~ levels were 113 + 54 pg/ml on the day of parturition, declined rapidly to 7 -+ 3 pg/ml 6 d postpartum and remained at these levels until just before estrus (figures 1 and 2). Estradiol-17/3 levels tended upward, beginning 2 + 1 d before estrus, and reached a mean of 10 + 3 pg/ml at estrus for six cows. Cows in this study were not examined by rectal palpation for the presence of ovarian follicles; however, Rawlings et al. (1980) were unable to correlate patterns of estradiol-17/3 with patterns of growth of ovarian follicles. We did not, however, observe the large fluctuations in daily levels of estradiol-17~ that Rawlings et al. (1980) reported, perhaps because we assayed a pool of serum made of samples collected at 6-h intervals, while Rawlings et ai. (1980) assayed single samples collected daily.
Estrone. Mean basal levels of estrone were 7 + 5 pg/ml in the six cows after parturition. Cows had an average of three estrone peaks before first estrus (figures 1 and 2). All cows exhibited a serum estrone peak with a mean magnitude of 87 + 28 pg/ml between d 7 to 15 postpartum. All cows except 2168 showed a second serum estrone peak between d 16 to 29, with a mean magnitude of 52 + 23 pg/ml. Cow 2168 had an anestrous ovulation on d 20 postpartum. It was hypothesized that estrone might play a role in the stimulation of LH secretion later in the postpartum period; however, this was not substantiated in subsequent studies involving administration of estrone to postpartum cows (Forrest, 1979) .
Cortisol. Mean serum cortisol levels for the six cows 1, 2, 3 and 4 wk before first postpartum estrus were 10.5 + 1.2, 8.6 + .6, 7.7 + .2 and 7.4 + .4 ng/ml, respectively. Serum cortisol showed periodic fluctuations throughout the postpartum period, however, no significant peaks were observed due to the variation amongst cows (figures 1 and 2). Levels of cortisol observed during the postpartum interval in this study were similar to those recently reported by Dunlap et al. (1981a,b) . Administration of adrenocorticotropic hormone (ACTH) and suckling both induced secretion of cortisol and appeared to suppress secretion of LH (Dunlap et al., 1981a,b) . In our study, however, mean serum levels of cortisol tended to be greatest during the 2 wk preceding estrus-a time when the number of LH peaks was also highest (figure 3).
G eneral Discussion
The endocrine characteristics necessary to establish resumption of estrous cycles in postpartum suckled beef cows are still unclear. Episodic secretion of LH seems to be a common characteristic that precedes first estrus in suckled Rawlings et al., 1980; Peters et al., 1981) , milked (Stevenson and Britt, 1979; Peters et al., 1981) and nonlactating (Dunlap et al., 1981a,b) cows. Initiation of episodic LH secretion can be induced by calf removal (Forrest, 1979; Waiters et al., 1982a,c) and by intermittent administration of small doses of gonadotropin releasing hormone (GnRH; Riley et al., 1981; Waiters et ai., 1982c) . Moreover, intermittent administration of GnRH significantly shortened the interval from parturition to estrus and(or) ovulation (Riley et al., 1981; Waiters et ai., 1982c) . Because intermittent administration of GnRH initiated episodic LH secretion, it seems reasonable to assume that absence of pulsatile re-lease of GnRH from the hypothalamus of the suckled postpartum cow may be the cause for absence of episodic LH secretion, which in turn explains the absence of estrous cycles. It seems important, therefore, to seek mechanisms that control hypothalamic release of GnRH. Stevenson and Britt (1980) showed that change in concentration of estradiol-1713 and change in number of ovarian follicles could be used to accurately predict the number of days to first ovulation in milked dairy cows. In one study with suckled beef cows (Rawlings et al., 1980) , there was little relationship between peaks of estradiol-17[3, number of ovarian follicles detectable by rectal palpation and episodic secretion of LH until just before the first postpartum ovulation. In another study (Williams and Ray, 1980) , however, estradiol-17/3 levels were higher in cows that had luteal function by d 40 compared with cows that did not. In our study, several peaks of estrone were seen before first estrus. We theorized that peaks of estrone were responsible for initiation of episodic LH secretion; however, subsequent administration of estrone to postpartum, suckled cows did not substantiate our hypothesis (Forrest, 1979) .
On the other hand, postpartum anestrus may be caused by suppression of GnRH release from the hypothalamus, suppression of LH secretion from the pituitary or a combination of these two factors. Waiters et ai. (1982b) have recently demonstrated that pituitary tissue from suckled cows did not release as much LH in response to in vitro treatment with GnRH as did tissue from recently weaned or nonlactating cows. However, in vivo experiments did not confirm these results (Williams et al., 1982) . Because suckling induces release of cortisol (Dunlap et al., 1981b; Ellicott et al., 1981) and because some authors have shown, at least in bulls, that glucocorticoids suppress LH release (Thibier and Rolland, 1976; Chantaraprateep and Thibier, 1978) , it is possible that cortisol inhibits episodic secretion of LH. Administration of ACTH that was followed by cortisol secretion did, in fact, decrease the number of cows having episodic releases of LH (Dunlap et al., 1981a) . They (Dunlap et al., 1981b ) also reported that suckling induced high serum levels of cortisol and appeared to reduce the number of episodes of LH secretion. In our study, however, mean levels of cortisol were highest during the 2 wk preceding estrus, exactly the same time that the number of LH secretory episodes was highest.
The endocrine events associated with occurrence of the first postpartum estrus appear to be: 1) Increased episodes of LH secretion followed by 2) short-lived (2 to 4 d) secretion of progesterone, followed by 3) pre-estrous secretion of estradiol-17/3, followed by 4) ovulatory surge of LH. The roles of prolactin, cortisol and estrone are not clear at this time.
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